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ABSTRACT
Cosmological analyses based on surveys of galaxy clusters observed through the thermal
Sunyaev-Zel’dovich (tSZ) effect strongly rely on the mean pressure profile of the galaxy clus-
ter population. A tension is currently observed between the cosmological constraints obtained
from the analyses of the CMB primary anisotropies and those from cluster abundance in tSZ
surveys if we assume the bias on the cluster mass estimates to be perfectly known. This dis-
crepancy between the estimated cosmological constraints may be partly explained by a wrong
estimate of this hydrostatic bias parameter that links the hydrostatic mass to the true mass of
galaxy clusters. However, a variation of both the amplitude and the shape of the mean normal-
ized pressure profile could also explain part of this tension. If the self-similar hypothesis is
not verified in the whole mass-redshift plane, the parameters of the mean normalized pressure
profile of the cluster population could be different from the ones observed at high mass and
low redshift. We analyze the effects of a modification of this profile on the constraints of the
σ8 and Ωm parameters through the analysis of the angular power spectrum of the tSZ effect
measured by the Planck collaboration. We choose two mean normalized pressure profiles that
are respectively lower and higher than the one obtained from the observation of 62 nearby
clusters by the Planck collaboration. The selection of the parameters of these two profiles is
based on the current estimates of the pressure and the gas mass fraction profile distributions
at low redshift. We check our procedure by using the Planck pressure profile and compare our
cosmological constraints with the ones obtained by the Planck collaboration. The cosmolog-
ical parameters found for these two profiles are significantly different from the ones obtained
with the Planck pressure profile. We conclude that a ∼15% decrease of the amplitude of the
mean normalized pressure profile would alleviate the tension observed between the constraints
of σ8 and Ωm obtained from the analyses of the CMB primary anisotropies and tSZ surveys
without requiring extreme values of the mass bias parameter.
Key words: Cosmology: cosmic microwave background – observations – cosmological pa-
rameters; Galaxies: clusters.
1 INTRODUCTION
The abundance of galaxy clusters as a function of mass and red-
shift is a very powerful cosmological probe as it is both sensitive to
the primordial matter power spectrum and to the growth of struc-
tures across the whole history of the universe (e.g. Voit 2005). The
cosmological constraints obtained from the analysis of the cluster
abundance are complementary to those estimated from other cos-
mological probes such as the primary anisotropies of the cosmic
microwave background (CMB; Planck Collaboration et al. 2018),
type Ia supernovae (Perlmutter et al. 1997) or baryon acoustic os-
cillations (BAO; Anderson et al. 2014) for two main reasons. On
? E-mail: ruppin@mit.edu
the one hand, as the degeneracies between the cosmological pa-
rameters estimated from the study of galaxy clusters are nearly or-
thogonal to those of the other probes, multi-probe analyses can lead
to very tight cosmological constraints (Mantz et al. 2015). On the
other hand, galaxy clusters enable studying the most recent state
of the matter density field. Therefore, the comparison between the
cosmological constraints derived from high-redshift probes such as
the CMB with the ones obtained through the analysis of cluster sur-
veys allows us to test our current model of structure formation (e.g.
Mishra-Sharma et al. 2018).
The tSZ effect has been shown to be an excellent observable in
order to establish nearly mass-limited cluster samples up to very
high redshift (e.g. Bocquet et al. 2018). The integrated tSZ flux Y
measured for each cluster detected in a millimeter survey is pro-
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portional to the thermal energy content of the intracluster medium
(ICM). Despite its lack of accuracy, due to the presence of non-
thermal pressure support within the ICM, this observable provides a
high precision proxy for the mass M of galaxy clusters (e.g. Planck
Collaboration 2014). However, accurate measurements of the inte-
grated tSZ flux require either high exposure X-ray observations in
order to deproject both the density and the temperature profiles up
to high redshift or high angular resolution tSZ observations from
the core up to the virial radius of galaxy clusters. Such observa-
tions have been and are currently realized on limited cluster sam-
ples in order to provide both the Y−M scaling relation and the mean
normalized pressure profile that are essential for tSZ cosmologi-
cal analyses (see e.g. Arnaud et al. 2010 and Planck Collaboration
et al. 2013 and Perotto et al. 2018).
Several catalogs of galaxy clusters have been established from the
tSZ observations realized by the Planck satellite (Planck Collabora-
tion 2016), the South Pole Telescope (SPT; Bleem et al. 2015), and
the Atacama Cosmology Telescope (ACT; Hasselfield et al. 2013)
surveys. The analysis of the cluster abundance based on these cat-
alogs or the study of the tSZ angular power spectrum (Planck Col-
laboration 2016b) have enabled estimating cosmological parame-
ters such as the amplitude of the linear matter power spectrum at a
scale of 8h−1Mpc, σ8, and the total matter density of the universe
Ωm. However, these analyses lead to cosmological constraints that
are in tension with the ones obtained from the analysis of the power
spectrum of the CMB temperature anisotropies (Planck Collabora-
tion 2016c).
We assume in this study that this tension is not due to a limit in
the standard ΛCDM model but is caused by a biased estimation
of the thermodynamic properties of galaxy clusters1. The observed
disagreement may be due to a combination of three different sys-
tematic effects. The most studied one corresponds to a wrong es-
timate of the hydrostatic bias parameter b that links the value of
the mass of galaxy clusters obtained from X-ray and tSZ observa-
tions under the assumption of hydrostatic equilibrium to their true
mass in the Y−M scaling relation (e.g. Salvati et al. 2019). Many
analyses have already been carried out to show that an incorrect
estimation of the hydrostatic bias parameter could result in the ob-
served cosmological tension (e.g. Planck Collaboration 2016c,b).
As shown in Salvati et al. (2019), a value of b = 0.38 ± 0.05 is
required to cancel the discrepancy between the constraints of σ8
and Ωm obtained by the analysis of CMB primary anisotropies and
cluster abundance. However, the current estimates of the hydro-
static bias measured with different cluster samples seem to favour
a much lower value of the hydrostatic bias parameter. Its average
value presented in Salvati et al. (2018) is given by b = 0.2 ± 0.08.
A significant part of the observed discrepancy between the CMB
and cluster cosmological parameters may also be due to a mass and
redshift dependence of the slope of the Y−M scaling relation, or
similarly, to an evolution of the mean normalized pressure profile
of galaxy clusters with mass and redshift.
In this paper, we choose to focus on a potential systematic effects
caused by a modification of the mean normalized pressure profile
of galaxy clusters with respect to the ones that are currently used in
tSZ cosmological analyses.
In cluster count analyses, the mean normalized pressure profile is
used in order to measure the integrated tSZ flux of each cluster that
has been detected in the survey (e.g. Melin et al. 2006). In anal-
yses based on the tSZ angular power spectrum, the shape of the
1 We do not consider the impact of potential selection biases in this paper.
mean normalized pressure profile has a significant impact at high
multipole, and its amplitude is directly proportional to the one of
the power spectrum model used in order to fit the data (e.g. Bol-
liet et al. 2018). Therefore a wrong estimate of both the shape and
the amplitude of the mean normalized pressure profile of the clus-
ter population may lead to a biased estimation of cosmological pa-
rameters from the analyses of the cluster abundance in tSZ surveys.
The most commonly used mean normalized pressure profiles in tSZ
cosmological analyses have been estimated using cluster samples at
high mass and low redshift (Arnaud et al. 2010 and Planck Collab-
oration et al. 2013). However, the true mean normalized pressure
profile of the cluster population could be significantly different if
deviations from the self-similar hypothesis are observed in different
regions of the mass-redshift plane. Differences in the mean normal-
ized pressure profile in distinct redshift intervals have already been
observed by McDonald et al. (2014) for example. Furthermore, the
cluster samples used to calibrate both the mean normalized pres-
sure profile and the scaling relation may not be representative of
the cluster samples used in cosmological analyses because of se-
lection biases. It is therefore essential to characterize the impact of
a modification of the mean normalized pressure profile, due to a
potential mass and redshift evolution of the ICM properties, on the
constraints of cosmological parameters issued from tSZ surveys.
In this paper, we estimate the implications of a modification of the
mean normalized pressure profile of the cluster population on the
constraints of the σ8 and Ωm parameters by analyzing the angular
power spectrum of the tSZ effect measured by the Planck collabo-
ration (Planck Collaboration 2016b). We define two extreme mean
normalized pressure profiles that are respectively lower and higher
than the one obtained from the observations of 62 nearby clusters
by the Planck collaboration (Planck Collaboration et al. 2013). For
that purpose, we use the current knowledge on the distributions
of normalized pressure profiles and gas mass fraction profiles ob-
served at low redshift (e.g. Eckert et al. 2013, 2019). Three Markov
chain Monte Carlo (MCMC) analyses are performed in order to fit
the Planck data with a tSZ angular power spectrum model based on
these profiles. The cosmological constraints obtained from these
analyses allow us to discuss the impact of a modification of the
mean normalized pressure profile on the estimates of σ8 and Ωm.
This paper is organized as follows. The different components of
the tSZ power spectrum model and its dependence with cosmolog-
ical parameters are described in Sect. 2. We present the data set
that is considered in our analysis, i.e. the Planck tSZ power spec-
trum measured from the whole sky y-map, in Sect. 3. We then de-
scribe the methodology that we have used in order to define the
two mean normalized pressure profiles that enclose the one mea-
sured at low redshift by the Planck collaboration in Sect. 4. The
analysis of the Planck tSZ power spectrum based on these profiles
is detailed in Sect. 5. We discuss the implications of a modifica-
tion of the mean normalized pressure profile on the estimation of
cosmological parameters in this type of analysis in Sect. 6. Finally,
we present our conclusions in Sect. 7. Throughout this study we
assume a flat ΛCDM cosmology following the latest Planck results
(Planck Collaboration et al. 2018): Ωbh2 = 0.0224, ns = 0.965,
τ = 0.054, and Neff = 2.99. The σ8, Ωm, and H0 parameters are free
in our analysis2.
2 The ΩΛ parameter varies accordingly to keep a null curvature
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Figure 1. Tabulated values of the IP function given by Eq. (7) by considering the mean normalized pressure profile measured by the Planck collaboration
(Planck Collaboration et al. 2013) as a function of `500. The function has been computed for different multipoles ` given by the colorbar.
2 THE TSZ ANGULAR POWER SPECTRUM
2.1 The thermal Sunyaev-Zel’dovich effect
The thermal Sunyaev-Zel’dovich effect (Sunyaev & Zeldovich
1972, 1980) is caused by the inverse Compton scattering of CMB
photons on energetic ICM electrons. It induces a variation of the ap-
parent brightness of the CMB towards any line of sight that passes
through a reservoir of hot plasma. This variation is given by:
∆ItS Z
I0
= y f (ν,Te), (1)
where the Compton parameter y characterizes the amplitude of the
spectral distortion, f (ν,Te) is the frequency dependence of the tSZ
spectrum (Birkinshaw 1999 and Carlstrom et al. 2002), and Te is
the electronic temperature of the ICM. The Compton parameter in
a given direction nˆ is expressed as:
y(nˆ) =
σT
mec2
∫
Pe dl, (2)
where Pe is the ICM pressure distribution, me is the electron mass,
c the speed of light, and σT the Thomson scattering cross section.
The integrated Compton parameter Y is given by the spherical in-
tegral of the ICM pressure distribution. It has been shown to be
a low-scatter mass proxy for galaxy clusters (e.g. Planck Collab-
oration et al. 2011). In this paper, all the integrated quantities that
characterize the ICM properties are obtained by considering the up-
per integration limit R500, i.e. the cluster radius for which the mean
cluster density is 500 times the critical density of the universe.
2.2 Model of tSZ power spectrum
The tSZ power spectrum depends both on the geometric properties
of the universe via the comoving volume element d2V/dzdΩ and on
the large scale structure formation processes via the mass function
and the ICM pressure profile. We choose to model the pressure
profile of galaxy clusters using a generalized Navarro-Frenk-White
profile (gNFW, Nagai et al. 2007):
Pe(x ; M500, z) = P500(M500, z) ×P(x) (3)
where x = r/R500 andP(x) is the normalized pressure profile3 given
by:
P(x) =
P0
(c500 x)γ[1 + (c500 x)α](β−γ)/α
(4)
The shape and amplitude of the normalized pressure profile are en-
tirely defined by the parameters P0, c500, α, β and γ in Eq. (4). The
characterization of the impact of the value of these parameters on
the estimates of σ8 and Ωm obtained by the analysis of the power
spectrum of the tSZ effect is the goal of the study developed in Sect.
6. The scaling factor between the pressure content and the cluster
total mass is given by (Arnaud et al. 2010):
P500 = 1.65 × 10−3 E8/3z
[
(1 − b) M500
3 × 1014 h−170 M
]2/3+0.12
h270 keV cm
−3
(5)
where b is the hydrostatic bias parameter that links the true mass
M500 to the one given under the assumption of hydrostatic equi-
librium, Ez is the ratio of the Hubble constant at redshift z to its
present value H0, and h70 = H0/[70 km/s/Mpc].
As shown in Komatsu & Kitayama (1999), the contribution of
the two-halo term in the angular power spectrum of the tSZ effect
is negligible given the precision of the current tSZ measurements.
The power spectrum of the tSZ effect is therefore modeled entirely
by the one-halo component:
CtS Z` =
∫
dV
dzdΩ
dz
∫
dn
dM500
∣∣∣∣∣∣4piR500`2500 σTmec2 P500 IP(`500)
∣∣∣∣∣∣2 dM500
(6)
where dn/dM500 is the mass function that gives the expected halo
number density for a given mass. In this paper, we choose to use
the multiplicity function of Tinker et al. (2008) because it corre-
sponds to the function used by the Planck collaboration for cos-
mological analyses based on the study of the abundance of galaxy
clusters (e.g. Planck Collaboration 2016c). The normalized two di-
mensional Fourier transform of the mean pressure profile IP(`500)
is given under the Limber’s approximation by (Komatsu & Seljak
3 i.e. it does not depend on the considered mass and redshift.
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Figure 2. Planck tSZ angular power spectrum measured from the full sky y-map (Planck Collaboration 2016b) (grey points). The power spectra of the
contaminants to the tSZ signal are given for the cosmic infrared background (red), radio sources (purple), infrared sources (orange), and spatially correlated
residual noise (green). The sum of the contaminant power spectra is given by the black line.
2002):
IP =
∫
x2
sin(`x/`500)
`x/`500
P(x) dx (7)
The values of this integral for a given cosmological model, for the
considered multipoles ` and different values of `500 ≡ DA/R500,
where DA is the angular diameter distance, are saved in a file at the
beginning of each analysis (see Sect. 5). The bounds of the IP in-
tegral correspond to a range of radii from 10−10 to 7R500 in order to
integrate the entire pressure distribution from the core to the periph-
ery of the halos. We represent in Fig. 1 the values of IP computed
for 30 values of ` between 4 and 104 as a function of `500 for the
mean pressure profile estimated by the Planck collaboration at low
redshift (Planck Collaboration et al. 2013). Knowing these values
for a fixed normalized pressure profile simplifies the calculation of
the tSZ power spectrum model given in Eq. (6) as we just need to
interpolate IP(`500) at the considered value of `500 instead of inte-
grating the pressure profile at each step of the analysis detailed in
Sect. 5.
2.3 Cosmological parameters from the tSZ power spectrum
In this paper, the comoving volume element as well as the mass
function are both computed using the hmf python library for a given
set of cosmological parameters (Murray et al. 2013).
We carry out an analysis in order to study the variations of the
amplitude and the shape of the power spectrum given by Eq. (6) as
a function of cosmological parameters. The mean pressure profile
constrained by the study of 62 low redshift clusters observed by
Planck is considered in order to estimate IP (Planck Collaboration
et al. 2013). The ΛCDM fiducial model used in this study is the
one constrained by the Planck collaboration (Planck Collaboration
et al. 2018) (see Sect. 1). We focus our analysis on the values of the
cosmological parameters σ8, Ωm, h = H0/[100 km/s/Mpc], and
the one of the hydrostatic bias parameter b. The impact of the value
of these four parameters on the power spectrum of the tSZ effect is
studied by applying Eq. (6) for different variations of the fiducial
cosmological model.
We observe that the amplitude of the power spectrum of the
tSZ effect increases with the value of σ8. This is expected because
the parameter σ8 characterizes the normalization of the linear mat-
ter power spectrum. The amplitude of the power spectrum of the
tSZ effect also increases with Ωm. We therefore expect an anti-
correlation between the parameters σ8 and Ωm constrained by fit-
ting the measured tSZ power spectrum (cf. Sect. 6). The amplitude
of the tSZ power spectrum in the multipole range considered in this
study decreases as the value of the h and b parameters increases.
This is expected because an increase of the value of h implies that
the expansion rate of the universe increases and therefore slows
down the formation of the large-scale structures by gravitational
collapse. In addition, as shown in Eq. (5), an increase of the hydro-
static bias b means that the normalization parameter P500 is lower
for a given cluster mass. We therefore expect a variation of the am-
plitude of the tSZ power spectrum that is proportional to σ8 and
Ωm and inversely proportional to h and b. In the rest of this study,
we will use the following parameter in order to characterize the
amplitude of the power spectrum of the tSZ effect:
F = σ8 (Ωm/B)0.40 h−0.21 (8)
This combined parameter, introduced by Bolliet et al. (Bolliet
et al. 2018), uses a definition of the hydrostatic bias given by
B = 1/(1 − b). This combination of cosmological parameters is
the only one that can be constrained in the MCMC analysis devel-
oped in Sect. 5. Since the four parameters in the expression of F
are completely degenerated, it is not possible to constrain them in-
dependently by fitting the tSZ power spectrum alone. The value of
σ8 can only be estimated by considering auxiliary constraints on
the values of Ωm, h and b. This is why many cosmological anal-
yses based on tSZ catalogues or the power spectrum of the tSZ
effect also use BAO constraints which bring additional information
on the values of Ωm and h, e.g. (Planck Collaboration 2016c and
Salvati et al. 2018). Priors on the value of b are also considered.
They are generally based on results from numerical simulations or
observations combining the hydrostatic mass of different clusters
MNRAS 000, 1–14 (2019)
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Figure 3. Distribution of the 62 Planck clusters used in order to estimate the mean normalized pressure profile at low redshift (purple) in the mass-redshift
plane. The NIKA2 and REXCESS samples are also shown in orange and green respectively. The different shades of blue give the expected cluster abundance,
i.e. the cluster number per unit of mass and redshift computed from Eq. (10).
and mass estimates obtained from weak gravitational lensing (e.g.
Sereno et al. 2017).
3 THE PLANCK TSZ POWER SPECTRUM
The Planck satellite enabled obtaining a sky map of the tSZ effect
(Planck Collaboration 2016b). After masking the regions heavily
contaminated by foreground emissions (e.g. galactic diffuse emis-
sion, infrared and radio sources), this map has been used in order to
estimate the power spectrum of the tSZ effect Cmap` . The latter has
been computed using the Xspect method, developed by Tristram
et al. (2005), based on the crossed power spectra between the sky
maps of the tSZ effect obtained by different detectors of the Planck
satellite. This method enables taking into account the masked re-
gions as well as the filtering induced by the Planck beam, the anal-
ysis of the raw data, and their projection on a pixelated grid. The
power spectrum that has been obtained is represented by the grey
points in Fig. 2. The multipole bins have been defined in order to
minimize the correlation between adjacent bins at low multipoles
and to increase the signal-to-noise at high multipole values (Planck
Collaboration 2016b). The error bars on the power spectrum ∆Cmap`
associated with each bin are estimated analytically using the cross-
power spectra. They are important at low multipoles due to the
sampling variance and start increasing from ` ' 2000 due to the
spatially correlated residual noise in each map.
The component separation methods that has been used in or-
der to obtain the Planck y-map do not completely exclude all the
contaminants to the tSZ signal. Residuals caused by the cosmic
infrared background (CIB), unresolved infrared sources and radio
sources are still present in the final map used in order to compute
the power spectrum of the tSZ effect. The spatially correlated resid-
ual noise is also responsible for a significant increase in the power
spectrum amplitude measured at high multipoles. The total power
spectrum therefore contains several components:
Cmap` = C
tS Z
` + ACIBCˆ
CIB
` + AIRCˆ
IR
` + ARSCˆ
RS
` + ACNCˆ
CN
` (9)
where Cˆi` is the power spectrum associated with the i
th compo-
nent and Ai its amplitude. We consider the tabulated models for the
power spectrum of the CIB, the infrared sources (IR), radio sources
(RS), and correlated noise (CN) estimated by the Planck collabo-
ration (Planck Collaboration 2016b). Since the power spectrum
of the correlated noise is largely dominant at high multipoles, we
use the last measurement point at ` = 2742 in order to estimate
the amplitude of its power spectrum. We find that it is given by
ACN = C
map
2742/Cˆ
CN
2742 = 0.903. The amplitudes ACIB, AIR and ARS
used in Fig. 2 correspond to those estimated by the MCMC analy-
sis developed in Sect. 5. The contributions of the contaminants in
the power spectrum measured by Planck are represented by col-
ored lines and their sum corresponds to the black line in Fig. 2.
Contaminants are thus dominant for all multipoles ` ∼> 1000. This
is the reason why we choose to fit the power spectrum measured by
Planck up to the multipole bin ` = 959.5 in order to optimize the
computation time of the analysis while keeping the most constrain-
ing points for the power spectrum of the tSZ effect.
4 THE MEAN NORMALIZED PRESSURE PROFILE
As shown in Eq. (6) and (7), the mean normalized pressure pro-
file is an essential component of the tSZ power spectrum. In this
section, we discuss the properties of the cluster samples that have
been used so far in order to estimate the mean normalized pressure
profile considered in cosmological analyses. We then explain why
the true mean normalized pressure profile of the cluster population
could be different from the ones inferred from these samples. The
profiles that will be considered in the analysis developed in Sect. 5
are finally defined.
4.1 Current estimates of the mean pressure profile
A significant part of the observed tension between the constraints of
σ8 and Ωm estimated from the analysis of the angular power spec-
trum of the CMB temperature anisotropies and the statistical prop-
erties of the galaxy cluster population could come from a biased
estimate of the mean normalized pressure profile considered in the
IP integral (6). We show in Fig. 3 the expected cluster abundance
MNRAS 000, 1–14 (2019)
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Figure 4. Left: Mean normalized pressure profiles considered in the MCMC analysis described in Sect. 5. The profile obtained by the Planck collaboration is
shown in black (Planck Collaboration et al. 2013). The blue and red profiles are chosen in order to be extreme cases of the profile distribution measured by
Planck. Right: Gas mass fraction profiles associated with the mean normalized pressure profiles shown in the left panel (same color code). The width of each
profile is due to the uncertainty on the value of the hydrostatic bias parameter.
for our fiducial cosmology in the mass-redshift plane as well as the
REXCESS cluster sample (green symbols), the sub-sample of 62
clusters considered by the Planck collaboration (Planck Collabora-
tion et al. 2013) (purple dots) and the one of the NIKA2 SZ large
program (Adam et al. 2018 and Perotto et al. 2018) (orange stars).
These cluster samples have been observed or are currently being
observed in order to estimate the mean pressure profile used in cos-
mological analyses. The blue gradient gives the expected number
of clusters per unit of mass and redshift defined by:
d2N
dz dM500
=
∫
d2V
dz dΩ
× dn
dM500
dΩ (10)
Although the amplitude of the tSZ effect induced by individual
low-mass halos is lower than the one caused by massive clusters
(see Eq. (5)), their high number density explains why their con-
tributions to the overall tSZ power spectrum measured by Planck
is dominant (see e.g. Planck Collaboration 2016b). However, the
mean normalized pressure profiles that are most often considered in
cosmological analyses based on tSZ surveys are the ones estimated
by the Planck and REXCESS samples (Planck Collaboration et al.
2013 and Pratt et al. 2009). These samples both contain exclusively
massive and low redshift (z < 0.5) clusters because observations of
high-redshift or low-mass clusters are very challenging.
If the whole cluster population is not exactly self-similar, the distri-
bution of pressure profiles observed at low mass and high redshift
will be different from the ones measured from the analysis of the
Planck and REXCESS samples. Selection biases due to wrong es-
timations of noise properties or observational biases toward a given
cluster morphology may also induce such differences. One of the
goals of the NIKA2 (Adam et al. 2018) tSZ large program is to
characterize the potential redshift evolution of the mean normal-
ized pressure profile (Comis et al. 2016 and Perotto et al. 2018).
The analysis of the first cluster observed by NIKA2 has shown
that cluster substructures can have a significant impact on the esti-
mate of the ICM pressure profile (Ruppin et al. 2018). Furthermore,
the prospective study of the NIKA2 tSZ large program based on
the Marenostrum MUltidark SImulations of galaxy Clusters (Sem-
bolini et al. 2013) has shown that the properties of the distribu-
tion of normalized pressure profiles may vary significantly with the
fraction of morphologically disturbed clusters (Ruppin et al. 2019).
Therefore, it is essential to characterize the impact of a potential
modification of the mean normalized pressure profile on the con-
straints of cosmological parameters before we know exactly how
to implement its potential mass and redshift evolution in cosmo-
logical analyses.
4.2 Mean pressure profile of the cluster population
We consider the distribution of pressure profiles measured by
the Planck collaboration on 62 nearby clusters in order to study
the impact of the shape and amplitude of the mean normalized
pressure profile on the estimation of the σ8 and Ωm cosmological
parameters from the study of the tSZ power spectrum (Planck
Collaboration 2016b). As shown in Fig. 3, this sample4 is not
representative of the total population of galaxy clusters. If the
assumption of galaxy cluster self-similarity is not verified at high
redshift or for masses lower than 3 × 1014 M, the mean pressure
profile associated with the cluster population could be significantly
different from the mean pressure profile Pm, estimated by analyzing
this sample of nearby clusters and represented by a black line in
Fig. 4. Given the intrinsic scatter of the distribution of normalized
pressure profiles obtained by Planck (Planck Collaboration et al.
2013), two pressure profiles are defined on either side of this
mean profile using the gNFW parametric model given by Eq.
(4). The parameters are chosen in order to define two extreme
cases of the observed distribution of normalized pressure profiles.
We name Pl and Ph the normalized pressure profiles shown in
Fig. 4 in the case where the mean ICM pressure distribution
of the cluster population is respectively lower and higher than
the mean profile estimated by the analysis of the Planck sample
of 62 nearby clusters. The parameters of these two profiles
have been defined so that the corresponding gas mass fraction
profiles are compatible with the distributions observed at low
redshift. The methodology used in order to estimate the gas mass
4 like any sample selected in a limited range of mass and redshift
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P0 × h−3/270 c500 α β γ
Ph 10.20 1.80 1.33 4.20 0.27
Pm 6.41 1.81 1.33 4.13 0.31
Pl 6.00 1.80 1.30 4.60 0.22
Table 1. Parameters of the gNFW pressure profile models shown in Fig. 4 and considered in the cosmological analysis described in Sect. 5.
fraction profile for a given pressure profile P(r) is described bellow.
Let a galaxy cluster of redshift z and mass M500. Knowing
the mass and redshift of the cluster, we estimate the characteristic
radius R500 for our fiducial cosmological model:
R500 =
[
3M500
4pi 500ρc(z)
]1/3
(11)
We assume that the cluster mass profile is given by a Navarro-
Frenk-White (NFW) model (Navarro et al. 1997):
Mtot(r) = 4pi r3s ρ0
[
ln
(
rs + r
rs
)
− r
rs + r
]
(12)
Following the results shown in Fig. 15 of Miyazaki et al. (2018), we
assume that the concentration parameter of the mass profile is given
by cNFW500 = 2.5. The characteristic radius rs in the NFW model is
therefore given by:
rs =
R500
cNFW500
(13)
Knowing the values of rs, R500, and M500, we deduce the one of the
amplitude parameter ρ0 in Eq. (12). In this study, we assume that
the hydrostatic bias is compatible with the current constraints (see
e.g. Fig. 10 in Salvati et al. 2018). The value of b is thus defined
by a uniform distribution bounded between 0 and 0.4. Furthermore,
we assume that the radial profile of the hydrostatic bias parameter
is constant. We estimate the hydrostatic mass profile of galaxy clus-
ters based on the known NFW model and the considered value of
b:
MHSE(r) = (1 − b)Mtot(r) (14)
Knowing both the ICM pressure profile given by Eq. (3) and the hy-
drostatic mass profile given by Eq. (14), we deduce the ICM density
profile:
ne(r) =
−r2
Gµmp MHSE(r)
dP(r)
dr
(15)
where G is the Newton’s gravitational constant, mp the proton mass,
and µ = 0.6 is the gas mean molecular weight. The spherical inte-
gral of the ICM density profile allows us to obtain the cluster gas
mass profile:
Mgas(r) = 4pi µemp
∫ r
0
ne(r′) r′2 dr′ (16)
where µe = 1.15 is the electron mean molecular weight. The gas
mass fraction profile is finally computed from the ratio of the gas
mass profile (16) and the total mass profile of the cluster (12):
fgas(r) =
Mgas(r)
Mtot(r)
(17)
The amplitude of this profile as a function of r/R500 does not de-
pend on the values of z and M500 but it strongly depends on the
considered hydrostatic bias. We therefore compute the gas mass
fraction profiles under the assumption that b = 0 and b = 0.4 for
each mean normalized pressure profile that we consider. One mean
normalized pressure profile is therefore associated with an interval
of gas mass fraction profiles with a lower bound corresponding to
b = 0 and an upper bound obtained with b = 0.4. The Pl and Ph pro-
files are defined so that they are compatible with the distribution of
pressure profiles measured at low redshift by Planck (Planck Col-
laboration et al. 2013) and under the additional constraint that their
corresponding gas mass fraction profiles are compatible with the
measured distributions given in Planck Collaboration et al. (2013)
and Eckert et al. (2013, 2019). They are represented in the left
panel of Fig. 4 in blue and red respectively. Their corresponding
gas mass fraction profiles are contained within the colored interval
represented in the right panel of Fig. 4. We emphasize that each in-
terval is only associated with one mean normalized profile shown
in the left panel. The width of these interval is only due to the un-
certainty on the value of the hydrostatic bias parameter. The param-
eters of the three mean normalized pressure profiles shown in Fig.
4 and used in the analysis developed in Sect. 5 are summarized in
table 1.
4.3 Scaling parameter
The profiles Pl, Pm and Ph are used in independent analyses in
Sect. 5 to constrain the F parameter with the tSZ power spectrum
measured by Planck. Another key parameter used in the definition
of the tSZ power spectrum in Eq. (6) is the scaling parameter P500.
It is essential to use the same definition of the scaling parameter
for the normalization of the measured pressure profiles in a given
sample of galaxy clusters and for the cosmological analysis based
on the corresponding mean normalized pressure profile. Indeed,
this parameter, given in Eq. (5), enables retrieving the true distri-
bution of measured pressure profiles associated with the clusters
used to obtain the mean normalized pressure profiles knowing their
mass and redshift. Assuming this sample is representative of the
cluster population, the same scaling parameter has to be used to
obtain the pressure profile of a cluster of a given mass and redshift
and therefore to estimate its corresponding tSZ signal.
We show in Fig. 5 two different simulated cases where the
pressure profiles and density profiles of a sample of 100 clusters
have been computed for 0 < z < 1 based on the ICM model
described in Sect. 2.2 and 4.2. The distributions of the total tSZ
signal and redshift of these two samples are given in the left panel
of the figure. They have been computed to be uniform along both
axes. We simulate the pressure and density profiles of the sample
shown in green based on the mean normalized pressure profile
Pm, and the gas mass fraction profile shown in grey in Fig. 4 for
a hydrostatic bias b = 0.2. These two profile distributions are
used to compute the associated hydrostatic mass profiles using Eq.
(15). These mass profiles are then used to estimate the values of
R500 which allow us to obtain the mass of each cluster based on
Eq. (11). Knowing these masses, we then apply the definition of
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SZ
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Figure 5. Simulated samples of 100 clusters each for two different situations: similar integrated Compton parameter (right), but with different associated
(right) mean normalized pressure profiles Pm and Pl corresponding to the green and purple distributions (central figure). Their difference in amplitude is due to
distinct gas fraction contents within the selected samples, which results in larger values of the P500 scaling parameter computed for each cluster in the purple
sample compared to the ones obtained for the green sample.
Parameters Min Max
F 0.2 ∞
Ωm 0.1 1.0
b 0 0.4
ACIB 0 10
AIR 0 10
ARS 0 10
Table 2. Interval boundaries defining the uniform priors associated with the free parameters listed in the left column and used in the MCMC analysis described
in Sect. 5.
the scaling parameter P500 in order to obtain the mean normalized
pressure profile shown in green in the right panel of Fig. 5.
The same methodology is applied for the sample in purple. How-
ever, for this sample, we assume the mean normalized pressure
profile Pl and a lower gas mass fraction given by the blue profile
in Fig. 4 in order to simulate the pressure and density profiles.
In this situation, the distribution of pressure profile associated
with the selected sample is very similar to the one obtained with
the green cluster sample. However, the decrease in gas mass
fraction results in a slight decrease of the amplitude of the density
profiles. The hydrostatic mass profiles computed from Eq. (15)
are consequently higher that the ones obtained with the green
profiles. This leads to larger values of the scaling parameter P500
computed for each cluster from the definition given in Eq. (5).
By construction, the resulting mean normalized pressure profile
shown in purple in the right panel of Fig. 5 is therefore lower than
the one associated with a higher gas mass fraction. The important
point to notice here is that the definition of the scaling parameter
given in Eq. (5) has been applied for both samples. While the
two mean normalized pressure profiles obtained for these two
simulated situations are different, it is therefore essential to apply
the same definition of the scaling parameter in the cosmologi-
cal analysis for the two profiles in order to recover the true tSZ
signal associated with a halo of a given mass and redshift in Eq. (6).
We note that the simulated cases shown in Fig. 5 are just ex-
amples of a way to measure different mean normalized pressure
profiles in a given range of redshift and integrated Compton pa-
rameter. For example, the intrinsic scatter of the pressure profile
distribution associated with the total cluster population may also
be different from the one observed at low redshift. A mean normal-
ized pressure profile lower than Pm could therefore be obtained if
we measure an asymmetric distribution of normalized pressure pro-
files with a high density of profiles of low amplitude. In this paper,
we will assume that the three profiles Pl, Pm and Ph have been ob-
tained using a methodology that is similar to the one displayed in
Fig. 5. We will therefore apply the definition of the scaling param-
eter given in Eq. (5) for the three profiles. This allows us to study
the effect of the mean pressure profile measured from the study of
representative cluster samples on the cosmological parameters ob-
tained from the analysis of tSZ survey data. This is important in
the context of forthcoming studies such as the NIKA2 tSZ large
program (see Comis et al. 2016 and Perotto et al. 2018, for more
details on this program).
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Figure 6. Marginalized distributions (diagonal) and 2D correlations (off-diagonal) plots of the Ωm, σ8, and H0 cosmological parameters along with the
amplitudes of the astrophysical contaminants to the tSZ signal obtained at the end of the MCMC analysis based on the Pm pressure profile (see Sect. 5).
5 ANALYSIS OF THE PLANCK TSZ POWER
SPECTRUM
The three normalized pressure profiles shown in Fig. 4 are used
in order to tabulate the values of the associated integrals IP (see
Eq. (7)). A MCMC procedure is used in order to sample the space
of cosmological parameters and thus constrain the combination of
parameters F (see Sect. 2.3) by fitting the power spectrum Cmap`
measured by Planck (Planck Collaboration 2016b). The parame-
ters that are left free in the analysis are F, Ωm, b, h, ACIB, AIR and
ARS. The amplitude ACN keeps a fixed value of 0.903 (see Sect.
3). At each step of the MCMC, the equation (6) is used in order
to compute the tSZ power spectrum for the current cosmological
model and the considered pressure profile. The amplitudes of the
power spectra associated with the contaminants are used in order
to calculate the total power spectrum model Cˆtot` by applying Eq.
(9). The total power spectrum is then compared to the power spec-
trum measured by Planck for the 18 bins constrained at multipoles
below 1000 using the Gaussian likelihood function L defined by:
−2lnL =
∑
`
Cmap` − Cˆtot`
∆Cmap`
2 (18)
The error bars ∆Cmap` associated with the points measured by
Planck (Planck Collaboration 2016b) do not take into account the
impact of the trispectrum5 in the analysis of the power spectrum of
the measured tSZ effect. Although this contribution is not negligi-
ble for ` ∼< 200, we did not consider it for computing-time reasons.
Uniform priors are considered for each free parameter except h.
A Gaussian prior is considered for the parameter h = 0.67 ± 0.03
according to the estimate obtained by the Planck CMB analysis
(Planck Collaboration et al. 2018). The boundaries of the parame-
ter priors are defined in table 2.
The y-map used by the Planck collaboration in order to esti-
mate the tSZ power spectrum also contains the tSZ signal caused
by all clusters with a signal-to-noise ratio high enough to be de-
tected. The knowledge of the position and integrated tSZ signal
of the clusters listed in the PSZ2 catalog (Planck Collaboration
2016) thus makes it possible to estimate the power spectrum of the
tSZ effect associated with these detected clusters CDC` (Planck Col-
5 See Bolliet et al. (2018) for more details on the trispectrum.
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F
P high 0.437 ± 0.006
P mean 0.484 ± 0.005
P low 0.530 ± 0.008
Bolliet et al. 0.473 ± 0.005
Planck XXII 0.477 ± 0.004
CMB+BAO 0.520 ± 0.013
Table 3. Constraints of the F parameter, cf. eq (8), obtained from the three considered pressure profiles. We also show the results given by the tSZ power
spectrum analyses realized by (Bolliet et al. 2018) and (Planck Collaboration 2016b). The last estimate is computed from the cosmological constraints
obtained from the analysis combining the Planck CMB power spectrum and BAO data (Planck Collaboration et al. 2018).
laboration 2016b). The sum of the power spectra associated with
the contaminants and the detected clusters cannot exceed the total
power spectrum measured by Planck. Following the methodology
presented in (Bolliet et al. 2018), an additional constraint on the
amplitudes of the power spectra of the contaminants is thus used at
each step of the MCMC:
ACIBCˆCIB` + AIRCˆ
IR
` + ARSCˆ
RS
` + ACNCˆ
CN
` + C
DC
` < C
map
` (19)
A total of 240 Markov chains is used in order to explore the pa-
rameter space efficiently. The convergence test of Gelman & Rubin
(1992) is used in order to stop the MCMC sampling and we also
compute the chain autocorrelation functions to select the final in-
dependent samples in the posterior distribution. A burn-in cut-off
that excludes the first half of the samples is applied to each chain
in order to ensure the independence of the stored samples from the
initial position in the parameter space. The remaining samples are
used in order to estimate the marginalized probability densities as-
sociated with each parameter. This analysis is carried out indepen-
dently for the three mean normalized pressure profiles defined in
Sect. 4.2.
We show in Fig. 6 the one- and two-dimensional marginal-
ized distributions of the parameters of interest fitted using the
normalized pressure profile Pm. We observe that the parameters σ8
and Ωm are clearly anti-correlated. They are also both correlated
with the H0 parameter. These correlations are expected (see Sect.
2.3) and justify a posteriori the definition of the F parameter
characterizing the amplitude of the measured power spectrum. The
F parameter being the only one that can be constrained by the
analysis of the tSZ power spectrum, the σ8 and Ωm parameters are
completely degenerated. The priors associated with the parameters
of interest being uniform, the contours expected in the σ8-Ωm
plane correspond to a diagonal strip of negative slope, with a
central position constrained by the data but with a length entirely
defined by the boundaries of the priors. This explains why the Ωm
parameter is scattered between 0.1 and 1 in Fig. 6.
The one- and two-dimensional marginalized distributions of
the amplitudes of the contaminants are also represented in Fig. 6.
The estimated amplitudes are compatible with those obtained in the
two other analyses based on the Pl and Ph profiles. The estimates
ACIB = 0.38 ± 0.14, AIR = 2.02 ± 0.13 and ARS = 0.26+0.37−0.16 (20)
are also compatible with the constraints established by Bolliet
et al. (2018) using the same data set.
As tSZ data alone cannot be used in order to constrain the
hydrostatic bias parameter, the posterior distributions associated
with this nuisance parameter are all compatible with the prior
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Figure 8. Left: Distributions of the combination of cosmological parameters F obtained with the three MCMC analyses based on the Ph (red), Pm (grey),
and Pl (blue) pressure profiles. The distribution estimated by the Planck collaboration from an analysis based on the Pm profile, for a hydrostatic bias fixed to
b = 0.2, and a different prior on H0 is shown with the dark blue line. The distribution of F obtained from the joint analysis of the CMB primary anisotropies
and BAO data is also shown in purple for a fixed hydrostatic bias b = 0.2.
uniform distributions between 0 and 0.4.
The marginalized distributions of the σ8, Ωm, b, and h param-
eters are used in order to compute the tSZ power spectrum model
at the maximum likelihood. The power spectrum model obtained
at the end of the analysis based on the Pm profile is represented
by a black line in Fig. 7. The uncertainties at 1 and 2σ associated
with the best fit model are estimated by Monte Carlo drawing
of parameter sets computed from the Markov chains. They are
represented by the dark blue and light blue regions. They are only
visible at multipoles smaller than 100 where the sampling variance
limits the accuracy of the measurements6. The lower panel in Fig.
7 represents the residual statistical significance after subtracting
the best fit to the measured power spectrum. No residual greater
than 3σ is observed, which support the good accuracy of the fit.
The same conclusion is drawn from the analyses based on the Pl
and Ph profiles.
The blue line in Fig. 7 corresponds to the tSZ power spectrum
contribution to the total power spectrum. The green line represents
the power spectrum of the tSZ effect associated with the detected
clusters, listed in the PSZ2 catalog (Planck Collaboration 2016).
This comparison highlights the fact that most of the tSZ signal con-
tained in the Planck y-map is caused by low mass clusters that have
not been detected but whose abundance is much larger than the one
of the detected clusters.
6 IMPLICATION OF THE MEAN PRESSURE PROFILE
ON THE COSMOLOGICAL CONSTRAINTS
The distributions of the F-parameter estimates are shown in Fig. 8
for the profiles Ph (red), Pm (grey) and Pl (blue). We compare the
6 We note that they would be more important if we considered the impact
of the trispectrum in the measurement errors.
distribution of F obtained for the Pm profile with the one estimated
from the analysis of the tSZ power spectrum performed by the
Planck collaboration (Planck Collaboration 2016b) based on the
same profile (dark blue line). The maximum likelihood positions
for the two distributions are slightly different because we have
used a different prior for the Hubble parameter h. In addition, the
width of the F distribution associated with the Pm profile is larger
than the one associated with the distribution constrained by the
Planck analysis because the latter was based on a hydrostatic bias
parameter fixed to a value of 0.2 unlike the analysis developed
in this paper where b varies according to a uniform distribution
centered on 0.2 (see table 2). The constraints from the three
analyses are listed in table 3. The fact that the estimate of F
obtained through the analysis based on the Pm profile developed
in this paper is compatible with the ones obtained by Bolliet et al.
(2018) and Planck Collaboration (2016b) with the same profile
validates our procedure.
The distributions shown in Fig. 8 correspond to the main
results of the analysis concerning the impact of a modification
of the mean normalized pressure profile of the cluster population
on the estimation of cosmological parameters from the analysis
of the tSZ power spectrum. We note that the distributions of the
F-parameter associated with the Ph and Pl profiles are centered on
values that are respectively significantly lower and higher than the
average distribution obtained using the Pm profile. This shows the
high dependence of F with the mean normalized pressure profile
considered in the cosmological analysis.
The cosmological parameters estimated through the analysis
that combines BAO measurements7 with the observation of the
CMB primary anisotropies do not depend on the value of the hy-
drostatic bias parameter. Therefore, we compute the corresponding
7 See for example (Anderson et al. 2014) for more details on the BAO
analysis.
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Figure 9. Left: Constraints obtained on the σ8 and Ωm cosmological parameters issued from the three MCMC analyses based on the Ph (red), Pm (grey), and
Pl (blue) pressure profiles including informative priors on the values of Ωm and b (see Sect. 6). The constraints obtained from the joint analysis of the CMB
primary anisotropies and BAO data and from the Planck analysis of the tSZ power spectrum for a fixed hydrostatic bias b = 0.2 are also shown in purple and
dark blue respectively. Right: Constraints obtained on the σ8 and Ωm cosmological parameters using the Pm profile (grey) and the Pm profile scaled down by
15% (green) for a possible future hydrostatic bias prior of b = 0.20 ± 0.01. The CMB contours (purple) are the same as the ones shown in the left panel. Note
that the range of the y-axis is different.
distribution of F from the Markov chains of the Planck CMB
analysis8 by fixing the value of the hydrostatic bias parameter to
the mean of its uniform prior distribution that is b = 0.2. The
distribution that we obtain is represented in purple in Fig. 8. It is
enclosed between the distributions estimated using the profiles Pm
and Pl. This shows that a small deviation from the self-similar
hypothesis, favouring a mean pressure profile of the cluster
population slightly lower than the one constrained at low redshift,
would resolve the tension between the cosmological constraints
obtained from the analysis of the CMB primary anisotropies and
the cluster abundance. This result shows that it is fundamental to
study the properties of the pressure profile of galaxy clusters in
different regions of the mass-redshift plane in order to identify a
potential variation of the mean pressure profile. It is interesting to
note that the results obtained by McDonald et al. (2014) from the
analysis of 80 clusters selected from the SPT catalog and observed
by Chandra indicate that the mean normalized pressure profile
of galaxy clusters for redshift 0.6 < z < 1.2 is slightly lower
than the profile estimated at low redshift. The NIKA2 tSZ large
program will allow us to see if this trend is also verified through
observations of the tSZ effect in a similar redshift range.
The modification of the pressure profile used in our analysis
results in a shift of the maximum likelihood of F that is similar
to the one caused by a variation of the hydrostatic bias (e.g.
Planck Collaboration 2016c). This is expected because the overall
amplitude of the mean normalized pressure profile, P0, plays a
role that is symmetric to the P500 term in Eq. (6) which depends
on the hydrostatic bias b. This result shows that it is possible
that the observed tension between the constraints of σ8 and Ωm
8 Downloaded from the Planck legacy archive: https://pla.esac.esa.
int/#cosmology
resulting from the CMB analysis and from the analysis of the tSZ
power spectrum could be partly explained by a modification of the
mean pressure profile of galaxy clusters without requiring extreme
values of the hydrostatic bias parameter.
Although the combined parameter F is the only one that can
be constrained by an analysis based solely on the study of the tSZ
power spectrum, it is important to interpret the results obtained
on the values of the σ8 and Ωm parameters. They are indeed
fundamental quantities to define the model of the formation of
large-scale structures in the universe. The three MCMC analyses
described in Sect. 5 have also been realized by considering infor-
mative priors on the values of Ωm and b in order to obtain tighter
constraints on the σ8 and Ωm parameters from the fit of the Planck
tSZ power spectrum. We consider a Gaussian prior centered on
0.2 with a standard deviation of 0.08 for the hydrostatic bias given
the averaged value of the current measurements of this parameter
presented in Salvati et al. (2018). The Gaussian prior associated
with the Ωm parameter is defined to be a conservative constraint
given by the BAO measurements (see e.g. Eisenstein et al. 2005)
with a mean value of 0.3 and a standard deviation of 0.05. We
represent the contours of the σ8 and Ωm parameters obtained at the
end of these analyses in the left panel of Fig. 9. We note that the
contours obtained by the Planck collaboration from the analysis of
the tSZ power spectrum for a hydrostatic bias b = 0.2 are located
in the band constrained by our analysis based on the same profile
Pm (in grey). The thickness of the contours obtained at the end of
our analysis is much larger than the one associated with the Planck
contours because of the sampling performed on the b parameter
constrained by a Gaussian prior. We note that the difference
between the means of the contours obtained with the Pm and Pl
profiles is of the same order of magnitude as the 1σ width of each
contour caused primarily by the uncertainty on the hydrostatic bias
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parameter. The current uncertainty on the hydrostatic bias as well
as the potential variation of the mean normalized pressure profile
of the cluster population compared to the low redshift profile
therefore generates a significant systematic bias on the constraints
of the σ8 and Ωm parameters obtained by the analysis of the tSZ
power spectrum.
We also realize the same analysis considering a possible
future hydrostatic bias prior of b = 0.20 ± 0.01 as it was also
done in the cluster count analysis detailed in Planck Collaboration
(2016c). The results are presented in the right panel of Fig. 9 for
the Pm profile (grey) and for the same profile scaled down by 15%
(green). Although the cosmological constraints obtained with the
Pm profile present a 2-σ discrepancy with the ones obtained from
the analysis of the CMB primary anisotropies (purple), we show
that a 15% decrease of the amplitude of the mean normalized
pressure profile compared to the one measured from high mass
and low redshift cluster samples would reconcile the maximum
likelihood values of σ8 and Ωm given by the analysis of the CMB
primary anisotropies and the one of the cluster abundance with a
hydrostatic bias that is fully compatible with the current estimates.
Since both the uncertainties on the hydrostatic bias parameter
and the mean normalized pressure profile induce systematic effects
that are much greater than the magnitude of the tension observed
with the estimates of σ8 and Ωm from low and high redshift probes,
it is now essential to precisely constrain the potential mass and red-
shift evolution of the ICM thermodynamic properties. If such a de-
viation from the self-similar formation hypothesis is identified, it
will be necessary to include the mass and redshift dependence of b
and the P profile in cosmological analyses in order to obtain pre-
cise constraints of the σ8 and Ωm parameters from the analysis of
the tSZ power spectrum.
7 CONCLUSIONS
The analysis developed in this paper has shown that the mean nor-
malized pressure profile considered in cosmological analyses based
on the study of the power spectrum of the tSZ effect plays a major
role in the final estimates of the cosmological parameters σ8 and
Ωm. The true mean normalized pressure profile of the whole cluster
population may be different from the ones currently used in cosmo-
logical analyses if the cluster samples that have been considered so
far to estimate it are not truly representative of the cluster popula-
tion. For example, this difference may be due to a mass and redshift
evolution of ICM properties or selection biases in either or both the
calibration and cosmological samples.
We have defined two extreme cases of mean normalized pressure
profiles based on the current knowledge of the pressure and gas
mass fraction profile distributions at low redshift. We have used
these profiles in a MCMC analysis in order to derive cosmological
constraints in the hypothetical scenario in which the true mean of
the pressure profile distribution in the whole mass-redshift plane is
respectively lower and higher than the one observed at high mass
and low redshift.
The use of a mean normalized pressure profile that is compatible
with the distribution of the profiles observed at low redshift by
Planck but with a 15% decrease of its amplitude compared to the
one considered in the current analyses makes it possible to allevi-
ate the tension observed between the estimates of cosmological pa-
rameters from the primary CMB anisotropies and cluster analyses
without requiring extreme value of the hydrostatic bias parameter.
It is therefore essential to accurately characterize the mean normal-
ized pressure profile of the population of galaxy clusters by explor-
ing regions of the mass-redshift plane that are still poorly known in
order to identify a potential deviation from the self-similar forma-
tion hypothesis.
The NIKA2 tSZ large program will provide valuable insights con-
cerning the evolution of the parameters of the mean normalized
pressure profile with redshift. It will also allow us to study the cor-
responding evolution of the slope and intrinsic scatter of the scal-
ing relation. The latter could indeed have a major impact on the
definition of the selection function in cluster count analyses and
induce significant systematic effects on the estimates of cosmolog-
ical parameters. Taking these systematic effects into account in cos-
mological analyses will eventually make it possible to validate or
invalidate the disagreement currently observed between the con-
straints of σ8 and Ωm resulting from the analysis of CMB primary
anisotropies and from the statistical properties of galaxy clusters.
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